Objective: To investigate whether a home-based program, physical activity and nutrition for seniors (PANS), made positive changes to central obesity, measured by body mass index (BMI) and waist-to-hip ratio (WHR).
INTRODUCTION
Obesity has reached epidemic proportions globally, with more than one billion adults overweight and at least 300 million of them clinically obese (World Health Organization, 2011) . In Australia, the ageing population is heavier than they were a generation ago, with more than 79% of older Australians (aged 65-74 years) now considered as obese or overweight (Australian Bureau of Statistics, 2009 ). Obesity is a major contributor to the global burden of chronic disease and disability (World Health Organization, 2011) . It is also a costly public health problem. The nationwide annual cost of obesity in Australia is estimated to be $21 billion (Physical Activity Taskforce, 2007) . Due to the ageing population, sound interventions capable of making a positive change to the health status of older adults are needed to curb the obesity epidemic. However, to date there is evidence that communitybased interventions have had limited success in gaining substantial or lasting benefits (Walls et al., 2011) .
Although the main causes of obesity are increased consumption of energy-dense foods high in saturated fats and sugars, and reduced physical activity (World Health Organization, 2011), many intervention programs for seniors have focused either solely on physical activity (Cox, 2008; Greaney et al., 2008; Jancey et al., 2008; Wilcox et al., 2008) or diet alone (Greene et al., 2008; Johnson et al., 2004) . Recently, a few programs have considered both aspects with some promising results (Morey et al., 2009; Villareal et al., 2011) . Among them, the physical activity and nutrition for seniors (PANS) program attempted to control overweight and obesity by improving both physical activity and dietary behaviour (reduce fat, increase fibre, fruit and vegetable intake). It was a low cost and accessible home-based intervention developed specifically for insufficiently active older adults aged 60 to 70 years (Burke et al., 2010) . At the conclusion of the program, participants were found to increase their walking time and strength activities while reducing their sitting time and fat intake.
Anthropometric measurements are typically used to assess the effectiveness of weight management and obesity control trials (Goodpaster et al., 2010) . Apart from body mass index (BMI), waist-to-hip ratio (WHR) has been shown to be a good indicator of cardiovascular disease (Esmaillzadeh et al., 2004; Welborn and Dhaliwal, 2007) , trunk fat mass (Taylor et al., 2000) and all-cause mortality (Welborn and Dhaliwal, 2007) . In the absence of accurate clinical measurements which are preferable, self-reported data are often taken as the proxy, especially in large community-based trials to reduce cost and attrition rates (Dhaliwal et al., 2010) . Recent research has confirmed the effectiveness of such self-reported anthropometric measures (Burton et al., 2010; Dhaliwal et al., 2010; Fillenbaum et al., 2010; Stommel and Schoenborn, 2009 ).
This study aims to determine whether the PANS intervention has made a positive impact on the outcome measures of self-reported BMI and WHR. The findings have important implications on the control and prevention of central obesity for older adults.
METHODS

Study Design and Procedure
PANS was a six-month two-arm randomised controlled trial delivered by mailed materials and telephone calls. It was developed as a home-based intervention with the intention to accommodate insufficiently active seniors who could semi-tailor the program to suit their own pace and needs (Burke et al., 2010) . The project protocol was approved by the Human Research Ethics Committee of the researchers' institution and written consent was obtained from all participants.
In 2010 a total of 478 participants residing in low to medium socio-economic suburbs within metropolitan Perth were recruited from the Australian Federal Electoral Roll and randomly assigned to the intervention (n = 248) and control (n = 230) groups using a table of random numbers. More participants were allocated to the intervention group due to its expected higher attrition rate. Older adults aged between 60 and 70 years satisfied the selection criteria if they (a) were not on any special diet and (b) were "insufficiently active", i.e. participated in less than 30 minutes of moderate activity on at least 5 days per week (Brown et al., 2008), but (c) were considered "healthy" to the extent that participation in a low-stress physical activity program would not place them at risk. Figure 1 shows the flow chart of the recruitment procedure and corresponding sample sizes; details of which had been reported previously (Burke et al., 2010) .
Intervention
The PANS intervention consisted of a specially designed booklet containing information on dietary guidelines, recommended physical activity levels and encouraged goal setting. The booklet was supplemented by additional written materials including an exercise chart, calendar and bi-monthly newsletters. The participants were also given a pedometer to keep track of their daily steps and a resistance band to perform strength exercises suggested in the booklet. Strength exercises were intended to reduce fat mass and help increase muscle mass (Banz et al., 2003; DeNysschen et al., 2009) . Moreover, group guides provided telephone and email support, as well as the coordination of non-compulsory group meetings. The PANS participants could semi-tailor the program to suit their own pace and need, and participated as much or as little as they wanted without restriction over the six-month period. Further information on the intervention can be found elsewhere (Burke et al., 2010) . The program resources were subsequently evaluated using a feedback sheet. Controls received baseline and post-intervention questionnaires at the same time as the PANS participants and were given a small incentive upon completion and return of the postal questionnaires.
Anthropometric Measures
In addition to demographic and lifestyle characteristics, physical activity and dietary behaviours, the self-completion questionnaires solicited information on height, weight, waist and hip girth measurements at baseline and at six months post intervention. All subjects were provided with a tape measure and clearly written instructions on how to accurately measure themselves at both time points. They were reminded not to wear shoes when measuring height and weight. The instructions explained how to measure waist circumference "halfway between the lowest rib and top of hipbone, roughly in line with the belly button", and hip circumference "at the point where the buttocks protrude the most". Subjects were requested to "breathe out normally", then "measure directly against their skin and make sure the tape was snug and not twisted, without compressing the skin", before recording to the nearest 0.5 inch or cm (Commonwealth of Australia, 2009).
Statistical Analysis
Descriptive statistics were first applied to summarise the baseline demographic profile and lifestyle characteristics of the sample. The continuous outcomes of BMI and WHR were then compared between intervention and control groups across the two time points using independent samples and paired t-tests. To accommodate the inherent correlation of observations taken from the same individual, generalised estimating equation (GEE) models with exchangeable correlation structure were fitted to assess the two repeated measures over 6 time, while accounting for the effects of potential confounding factors. An intention-to-treat analysis was also performed to assess the sensitivity of the analysis. All statistical analyses were undertaken in the SPSS package version 18.
RESULTS
Of the total 478 recruited seniors who completed the baseline questionnaire, 176 intervention participants and 199 controls with complete data were available for analysis, giving a final response rate of 78.5%. Table 1 presents the characteristics of the completers at baseline. The intervention and control groups were similar in terms of demographic and lifestyle variables.
Overall, the mean age was 66 years, about half were male, the great majority of them had a partner and experienced common health conditions prevalent among older adults. Just less than half the seniors received tertiary education while over 40% continued working. No differences in alcohol drinking and smoking status were found between the intervention participants and controls. Table 2 compares the BMI and WHR outcomes between the intervention and control groups across the two time points. The mean BMI measures at six months were similar to those at baseline for both groups. However, a significant improvement in mean WHR from baseline to post-program was evident among the intervention participants but not the controls, even though the reduction of 0.02 appeared small in magnitude. This 0.02 reduction in mean WHR corresponded to a 2.11cm decrease in waist circumference for a typical hip circumference among the intervention participants.
Results of the GEE analyses are given in Table 3 . After controlling for demographic and other confounding factors, the intervention group demonstrated a significant reduction in WHR (p = 0.03) relative to the controls, but no change in BMI was apparent for both groups through the grouptime interaction term. In addition, WHR was positively associated with the male gender, whereas the presence of co-morbidity had more significant impact on the seniors' BMI than their WHR. The estimated correlations between the repeated observations were substantial which justified the fitting of GEE models.
An intention-to-treat analysis was next performed. For both intervention and control groups, no significant differences in baseline variables were found between completers and non-7 completers, so that the post-program BMI and WHR outcomes of the latter could be considered as missing at random (results omitted for brevity). With the inclusion of the noncompleters' baseline data, the corresponding GEE fits are shown in Table 4 . The results were generally comparable with those in Table 3 , though the effect of the grouptime interaction term became marginal (p = 0.06) for WHR.
Process evaluation of the program resources provided the following feedback. The great majority (80%) of PANS participants reported information given in the booklet was useful, easy to understand and suitable for their age group, which encouraged them to think about physical activity and nutrition behaviours. They believed the exercise chart was appropriate (74%) and used the resistance band provided to practise the suggested stretch and strength exercises (63%). Over 90% of participants said they used the pedometer. Moreover, many participants (64%) perceived that the provision of additional support through group guides could facilitate individuals to set and achieve personal physical activity and nutrition goals.
DISCUSSION
This study investigated the effectiveness of the PANS intervention in terms of anthropometric end points. The moderate sample sizes provided sufficient statistical power for evaluation of the repeated measures (Burke et al., 2010) . As expected, the attrition was higher among the intervention participants (29%) than the control group (13.5%), but the rates were comparable with similar physical activity trials in the literature (Cox, 2008; Jancey et al., 2008) . Future studies should take account of barriers when designing programs for older adults, and may consider using computer-assisted telephone interviewing (Wilson et al., 2001 ) instead of selfcompletion postal questionnaire to improve the response rate. Moreover, process evaluation of PANS revealed that the program strategies and resources were relevant to the target group, assisting participants to increase their level of physical activity and improve dietary intake.
According to Dhaliwal and Welborn (2009) , the difference between two successive measurements in a subject will be considered significant in clinical practice if the value is greater than the measurement error, which is 0.02 for WHR for both males and females. Therefore, the mean WHR reduction of 0.02 observed in the intervention group would be regarded as clinically relevant. Despite being home-based, the PANS intervention was successful in motivating participants to engage in walking and strength exercises while 8 reducing their sitting time and fat intake (Lee et al., 2011) . It is likely that these positive behavioural changes contributed to their significant decrease in WHR over the six-month period. As changes in central obesity can be effectively measured via WHR (Welborn and Dhaliwal, 2007) , the observed improvement in WHR among the PANS participants have important consequences for implementing obesity control and management for older adults in the clinical setting.
Although the recommended strength exercises using the resistance band might increase the build-up of muscle mass (Banz et al., 2003; DeNysschen et al., 2009) , the reduction in BMI among the intervention participants was not statistically significant. A longer time frame for the intervention program is probably required to demonstrate substantial changes in BMI. A follow-up study to collect anthropometric measurements is also recommended to confirm the sustainability of the PANS intervention beyond six months.
Two pertinent factors were found to be associated with BMI and WHR. In this sample, males had significantly higher WHR than their female counterparts, whereas the presence of some common health conditions (heart disease, stroke, diabetes, cancer, osteoporosis, arthritis, high blood pressure, high cholesterol and constipation) impacted positively on the anthropometric outcomes, especially BMI. These effects were expected and consistent with the literature; WHR tends to be higher in men than women (Ferrara et al., 2008; Lee et al., 2005; Wu et al., 2007) , and the existence of chronic health conditions have been associated with elevated BMI (Must et al., 1999) .
A potential limitation of the study concerned the self-reporting of anthropometric measures, though the inherent inaccuracies were expected to be similar between the intervention and control groups. All subjects were provided with a tape measure and clearly written instructions on how to take measurements at both time points. Self-reported data have been considered as valid proxies to reduce cost and attrition rates in large scale community trials, and should be sufficiently reliable for monitoring changes over time (Burton et al., 2010; Dhaliwal et al., 2010; Fillenbaum et al., 2010; Stommel and Schoenborn, 2009) , which formed the basis of our evaluation. Self-selection bias was minimised through randomisation, but participation was voluntary due to the home-based nature of the intervention. Therefore, reporting bias might still pose a threat to the validity of the findings. Moreover, residual 9 confounding could not be eliminated even though demographic and other factors were adjusted for in the GEE regression analyses. As alluded above, the duration of the PANS intervention might not be of sufficient length to reflect significant changes in BMI. A longer, sustainable program should be considered in the future, but it might increase the likelihood of further attrition among older adults.
